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DRIVING METHOD AND APPARATUS OF
LCD PANEL, AND ASSOCIATED TIMING
CONTROLLER

CROSS REFERENCE TO RELATED PATENT
APPLICATION

This patent application 1s based on Taiwan, R.O.C. patent
application No. 098100135 filed on Jan. 6, 2009.

FIELD OF THE INVENTION

The present invention relates to a solution for motion
image blur of a hold-type display device, and more particu-
larly, to a driving method and apparatus of an LCD panel, and
an associated timing controller.

BACKGROUND OF THE INVENTION

Motion image blur of a hold-type display device, such as an
active matrix liquid crystal display (AMLCD), 1s a widely
discussed 1ssue. Reasons that result in motion image blur
include slow liquid crystal response time, capacitance vari-
ance 1 pixels, and so-called “sample-and-hold artifact™.

According to the prior art, the first two reasons that lead to
motion 1mage blur are overcome using voltage overdrive.
However, the last reason, being an outcome from a combina-
tion of sampling characteristics of the AMLCD and smooth
motion tracking characteristics of a user’s perception mecha-
nism, 1s extremely difficult to solve and thus still persists in
LCDs on the market since the prior art does not provide a
satisfactory solution to the sample-and-hold artifact. For
example, 1n a prior solution, data of an entire 1mage 1s nter-
mittently replaced by full-black image data to disturb the
sense of continuity in visual perception to further weaken the
clifect of sample-and-hold artifact. However, this solution
causes the brightness of the 1image to appear dark.

Further, solutions of the prior art generally require rather
complex control mechanisms and high cost 1n research and
development as well as manufacturing, all of which add unfa-
vorable factors to products to be sold on the market.

SUMMARY OF THE INVENTION

Therefore, 1t 1s an objective of the mvention to provide an
LCD drniving method and apparatus, and an associated timing
controller for overcoming the 1ssue of motion 1mage blur of a
hold-type display device.

It 1s another objective of the mvention to provide an LCD
driving method and apparatus, and an associated timing con-
troller for handling sample-and-hold artifact of a displayed
image of a display device.

According to one preferred embodiment of the invention, a
driving method for an LCD panel with a driving apparatus
comprising a plurality of source drivers 1s provided. The
driving method comprises generating a data signal for carry-
ing 1image data and black data; providing a plurality of hori-
zontal start signals, each of which having a first pulse signal
and a second pulse signal; loading the image data 1n sequence
into the source drivers according to the first pulse signals;
loading the black data into the source drivers according to the
second pulse signals; providing a data load signal comprising
a third pulse signal and a fourth pulse signal; outputting the
loaded image data according to the third pulse signal using the
source drivers; and outputting the loaded black data accord-
ing to the fourth pulse signal using the source drivers.
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According to another preferred embodiment of the mven-
tion, a driving apparatus for driving an LCD panel 1s pro-
vided. The driving apparatus comprises a plurality of source
drivers for driving a plurality of source lines of the LCD
panel, a plurality of gate drivers for driving a plurality of gate
lines of the LCD panel, and a timing controller for generating
a plurality of horizontal start signals, a first gate enable signal
and a second gate enable signal. The horizontal start signals
are respectively outputted to the source drivers; and the first
and second gate enable signals correspond to different enable
timings, and are selectively outputted to the gate drivers.

According to another preferred embodiment of the mven-
tion, a timing controller for controlling a plurality of source
drivers and a plurality of gate drivers of an LCD panel 1s
provided. The timing controller comprises a data processing
module for generating a data signal carrying image data and
black data; and a control signal generating module for gen-
crating a plurality of horizontal start signals, a first gate
enable signal and a second gate enable signal. The horizontal
start signals are for loading the data signal into the source
drivers; and the first and second gate enable signals corre-
spond to different enable timings, and are selectively output-
ted to the gate drivers.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more readily apparent
to those ordinarily skilled 1n the art after reviewing the fol-
lowing detailed description and accompanying drawings, 1n
which:

FIG. 1 1s a block diagram of a driving apparatus of an LCD
panel according to a first embodiment of the invention;

FIG. 2 15 a block diagram of a timing controller according,
to one embodiment of the invention;

FIG. 3 1s a timing diagram of signals associated with the
horizontal direction in the driving method 1n one embodiment
of the invention;

FIG. 4 1s a timing diagram of signals associated with the
vertical direction of the embodiment 1n FIG. 3;

FIG. 5 15 a block diagram of a conventional source driver;

FIG. 6 1s a schematic diagram of a displayed image of the
LCD panel, wherein the displayed image has both image data
and black data;

FIG. 7 1s a schematic diagram of the data processing mod-
ule 1n FIG. 2 according to one embodiment;

FIG. 8 1s a block diagram of the control signal generating,
module 1 FIG. 2 according to one embodiment;

FIG. 9 1s a schematic diagram of the control signal gener-
ating unit 810 1n FIG. 8;

FIG. 10 1s a schematic diagram of the output switch unit
870 1n FIG. 8;

FIG. 11 1s a block diagram of a driving apparatus of an
LCD panel according to a second embodiment of the mven-
tion; and

FIG. 12 1s a ttiming diagram of signals associated with the
vertical direction 1n the embodiment shown 1n FIG. 11.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

To solve motion image blur in an LCD panel, embodiments
of the invention provide a driving method and apparatus of an
LCD panel, and an associated timing controller. The timing
controller according to the invention controls source drivers
and gate drivers of the LCD panel using an additionally gen-
erated control signal, to perform black strip insertion 1n a
displayed image. Vertically scanming the displayed image
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using black strip msertion disturbs the sense of continuity in
visual perception and weakens an etfect of sample-and-hold
artifact, so as to eliminate the 1ssue of motion 1image blue.
Reference 1s made to FIGS. 1 and 2. FIG. 1 shows a block
diagram of driving apparatus 100 of an LCD panel 10 accord-
ing to a first embodiment of the invention. The driving appa-
ratus 100 comprises a timing controller 110, a plurality of
source drivers 120-» (whereris 1,2, 3, ..., R), and a plurality
of gate drivers 130-s (wheresi1s 1,2, ..., n, (n+1), ..., m).
The driving apparatus 100 1s for driving the LCD panel 10,
and 1s generally disposed on the LCD panel 10 to form an
LCD panel module. FIG. 2 shows a functional block diagram
of the timing controller 110 1n FIG. 1 according to one
embodiment. The timing controller 110 comprises a data
processing module 112 and a control signal generating mod-
ule 114. The data processing module 112 1s for inserting black
data into a source data DATAO of an input image signal Vin to
output a data signal DATA. The control signal generating
module 114 generates control signals Ctrl_sigs needed by the
source drivers 120-7 and the gate drivers 130-s according to a
synchronization signal In_sig 1n the input 1mage signal Vin.
The control signals Ctrl_sigs include horizontal start signals
STH-1~-STH-R, a data load signal TP, a vertical start signal
STV, and gate enable signals OE_UP and OE_DN.
According to this embodiment, the source drivers 120-r
and the gate drivers 130-s drive source lines (1.e., data lines)
and gate lines of the LCD panel 10, respectively. The timing
controller 110 outputs the honizontal start signals STH-
1~-STH-R and the data load signal TP to the source drivers
120-1~120-R. The horizontal start signals STH-1~-STH-R
trigger the source drivers 120-1~120-R, respectively, to
sequentially receive corresponding data in the data signal
DATA. The data load signal TP triggers the source drivers
120-7 to output the received data via an output end of the
source drivers 120-7. The timing controller 110 also outputs
the vertical start signal STV, and the gate enable signals
OE_UP and OE_DN, to the gate drivers 130-s. The vertical
start signal STV 1s transmitted via the gate driver 130-1 to the
gate driver 130-m. The gate enable signal OE_UP controls the
gate enable timing of the gate drivers 130-1~130-7», while the
gate enable signal OE_DN controls the gate enable timing of
the gate drivers 130-(2+1)~130-m. A control mechanism of
controlling the source driver 120-7 and the gate driver 130-s

using such control signals outputted form the timing control-
ler 110 shall be discussed below.

Reference 1s now made to FIGS. 3 and 4. FIG. 3 shows a
timing diagram of signals associated with the horizontal
direction in the driving method for eliminating motion image
blur according to one embodiment of the invention. FIG. 4
shows a timing diagram of signals associated with the vertical
direction of the embodiment 1n FIG. 3. The driving method
may be implemented to the driving apparatus 100 shown in
FIG. 1, and more particularly, to the timing controller 110.
According to this embodiment, the data processing module
112 generates a data signal DATA carrying image data and
black data, as shown 1n FIG. 3. The data processing module
112 recerves a source data DATAOQ 1in an input 1image data Vin,
wherein the source data DATAO includes the image data.
Further, the data processing module 12 inserts the black data
between the 1mage data of every two horizontal lines. The
so-called black data here means 1image data that 1s displayed
as black or nearly black on the LCD panel 10. Note that a
length of the black data inserted 1s greater than the number of
data lines driven by a single source driver, and a time interval
T ,.-between the image data of the horizontal lines 1s greater
than an operation cycle T ., of a single source driver to facili-
tate the source drivers to function normally.
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The plurality of horizontal start signals STH-1, STH-2,
STH-3, . . ., and STH-R generated by the control signal
generating module 114 are outputted to the source drivers
120-1, 120-2, 120-3, . . ., and 120-R, respectively. Referring
to FIG. 3, each horizontal start signal STH-r (whereris 1, 2,
3,...,and R) comprises image data horizontal start pulse P, .
and black data horizontal start pulse P that 1s absent in a
conventional horizontal start signal. As shown, the horizontal
start signals STH-1, STH-2, STH-3, . . ., and STH-R respec-
tively comprise image data horizontal start pulses P, P,
P, ..., and P, and such image data horizontal start pulses
sequentially appear with a time interval that equals to the
operating cycle T, of a single source driver. The image data
horizontal start pulse P,, 1n the horizontal start signal STH-r
1s for controlling the loading of the image data in the data
signal corresponding to the source driver 120-r into the
source driver 120-7. Since the image signal DATA provides
image data corresponding the source drivers by way of
streaming, and the image data horizontal start pulses P,
P, Prs, . . ., and P, are respectively generated by the
sequential image data by the timing controller 110, the image
data 1n the data signal DATA corresponding to the source
drivers 120-7 1s then mputted into the corresponding source
drivers.

FIG. 5 shows a functional block diagram of a conventional
source driver. A source driver 120-» comprises a shift register
510, a line latch 520, a level shift circuit 530, a digital-to-
analog converter (DAC) 540 and an output buffer 550. The
source driver 120-7 1s a common source driver having a struc-
ture and operations that are easily appreciated by a person
having ordinary skill in the art. In brief, the shiit register 510
sequentially iputs the data of the data signal DATA 1nto the
line latch 520 according to the horizontal start signal STH-r
and a clock signal CLKH to temporarily store the data 1n the
line latch 520. When the line latch 520 receives a loading
pulse of the data load signal TP, the data temporarily stored in
the line latch 520 1s then outputted via the level shiit circuit
530, the DAC 540 and the output butfer 550.

The data load signal TP generated by the timing controller
110 comprises an 1mage data loading pulse TP,,. When the
corresponding data 1n the 1mage data are loaded into the line
latches 520 of the source drivers 120-» according to the image
data horizontal start pulses P, Pr,, Prs, . . ., Pryp, respec-
tively, the timing controller 110 controls all the source drivers
120-7 to simultaneously output the loaded image data (1.¢., the
data in the line latches 520) to the LCD panel 10 by generating
the image data loading pulse TP, in the image loading signal
TP. During the operation of loading the image data triggered
by the 1image data loading pulse TP, the level shift circuit
530 performs level shift and the DAC 540 performs digital-
to-analog conversion, and the loaded 1mage data 1s outputted
via the output buffer 550 to the LCD panel 10. Referring to
FIG. 3, after receiving the image data loading pulse TP, data
SD.OUT outputted by the source drivers 120 1s the image
data, and remains unchanged until a next data loading pulse
occurs. Theretfore, by controlling the enable timings of the
gate enable signals OE_UP and OE_DN of the gate drivers
130-s, the LCD panel 10 1s driven by the timing controller 110
to display the 1mage data.

Again referring to FIG. 3 and FIG. 5, the horizontal start
signals STH-1, STH-2, STH-3, . . . , and STH-R {further
include concurrent black data horizontal start pulses P, Px-,
P..,...,and P,,. Using the black data horizontal start pulses
P~ 1n the horizontal start signals STH-r, the timing controller
110 controls the source drivers 120-# to simultaneously load
the black data in the data signal DATA 1nto the source drivers
120-7. For example, when r=1, the timing controller 110
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controls the line latch 520 of source driver 120-1 by using the
black data horizontal start pulse P, via the shift register 510
of source driver 120-1 to latch the black data. For another
example, when r=R, the timing controller 110 controls the
line latch 520 of source driver 120-R by using the black data
horizontal start pulse P, via the shift register 510 of source
driver 120-R to latch the black data. Note that the data load
signal TP generated by the timing controller 110 further com-
prises a black data loading pulse TP . After loading the black
data simultaneously into the line latches 520 of each source
driver 120-7 using the black data horizontal start pulses P,
Pos, Pra, . . ., Pgn, the timing controller 110 controls the
source drivers 120-7 by using black data loading pulse TP 1n
the data load signal TP to output the black data, and the
outputted data SD.OU'T, which 1s the black data at this point,
remains unchanged until a next data loading pulse occurs.
Therefore, by controlling the enable timings of the gate
enable signals OE_UP and OE_DN of the gate drivers, the
LCD panel 10 1s driven by the timing controller to display the
black data.

As described, apart from controlling the source drivers
120-7 to respectively load and output image data using the
image data horizontal start pulses P,, in the horizontal start
signals STH-r and the image data loading pulse TP, 1n the
data load signal TP, the timing controller 110 also controls the
source drivers 120-7 to respectively load and output the black
data using the black data horizontal start pulses P, 1n the
horizontal start signals STH-r and the black data loading
pulse TP, in the data load signal TP. It 1s to be noted that the
data load signal TP according to this embodiment comprises
both the image data loading pulse TP, and the black data
loading pulse TP, wherein the black data loading pulse TP,
1s absent 1n a conventional data load signal.

Operations of the gate drivers based on the data outputted
from the source drivers 120-# shall be described below. Refer-
ring to FIG. 3, OE,, represents an enable timing of a gate
enable signal, wherein OED represents a gate enable signal
when the output data from the source drivers 120-» 1s the
image data, while OEB represents a gate enable signal when
the output data from the source drivers 120- 1s the black data.
Referring to FIG. 4, the timing controller 110 further gener-
ates a vertical start signal STV, which 1s to be inputted into the
gate driver 130-1 and transmitted sequentially from the gate
driver 130-1 to the gate driver 130-:. The vertical start signal
STV comprises an image data vertical start pulse STV , and at
least one black data vertical start pulse STV ;. The image data
vertical start pulse STV, 1s for triggering the display of the
image data, and the black data vertical start pulse STV 5 1s for
triggering the display of black data. The gate enable 51gnals
OED and OEB generated by the timing controller 110 are
selectively outputted to the gate drivers 130-1~130-2 via a
signal line 140, or outputted to the gate drivers 130-(2+1)
~130-m via a signal line 150. The gate enable signal OED 1s
generated when the output data SD.OUT from the source
drivers 120-7 1s the 1mage data, while the gate enable signal
OEB 1s generated when the output data SD.OUT from the
source drivers 120-r 1s the black data. Note that in FIGS. 1 and
4, the gate enable signals OE_UP 1s a gate enable signal
transmitted to the gate drivers 130-1~130-7 via the signal line
140, whereas the enable signal OE_DN 1s a gate enable signal
transmitted to the gate drivers 130-(72+1)~130- via a signal
wire 150. The timing controller 110 appropriately switches
the gate enable signals OED and OEB to be output to the
signal lines 140 and 150.

In the embodiment shown 1n FIG. 1, under the control of
the clock signal CLKYV, the image data vertical start pulse
STV ,, of the vertical start signal STV 1s transmitted down-
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6

wardly one row after another. When the image data vertical
start pulse STV ,, 1s between the gate drivers 130-1 and 130-#,
the timing controller outputs the gate enable signal OED to
the gate drivers 130-1~130-2 via the signal line 140. Note
again that the presence of the gate enable signal OED 1s for
when the output data SD.OUT from the source drivers 120-7
1s the 1image data. Therefore, 1n response to the downward
transmission of the image data vertical start pulse STV 5 one
row aiter another from the gate driver 130-1, gate lines of the
LCD panel 10 are enabled one row after another as well, such
that the LCD panel 10 one row aiter another displays the
1mage data 1n the data signal DATA. However, when the
image data vertical start pulse STV , 1s transmitted to the gate
driver 130-(»+1), the timing controller 110 changes to output
the gate enable signal OED to the gate dnivers 130-(n+1)
~130-m via the signal line 150. More specifically, when the
image data vertical start pulse STV ,, 1s located between the
gate drivers 130-(72+1)~130-m, the timing controller 110 out-
puts the gate enable signal OED to the gate drivers 130-(72+
1)~130-m to enable one row after another gate lines of the
LCD panel 10 connected to the gate drivers 130-(2+1)~130-
m, such that the image data 1n the data signal DATA 1s dis-
played one row after another. On the other hand, when the
image data vertical start pulse STV 5 1s transmitted to the gate
driver 130-(n+1), the timing controller 110 outputs the gate
enable signal OEB to the gate drivers 130-1~130-» via the
signal line 140 and generates at least one black data vertical
start pulses STV ; to be transmitted downwardly one row after
another from the gate driver 130-1. Note that the presence of
the gate enable signal OEB 1s for when the output data
SD.OUT from the source drivers 120-7 1s the black data.
Therefore, 1n response to the downward transmission of the
black data vertical start pulse STV, one row after another
from the gate driver 130-1, gate lines of the LCD panel 10 are
enabled one row after another as well, such that the LCD
panel 10 one row aifter another displays the black data 1n the
data signal DATA. Similarly, when the black data vertical
start pulse STV 5 1s transmitted to the gate driver 130-(z2+1),
the timing controller 110 changes to output the gate enable
signal OEB to the gate drivers 130-(72+1)~130-m via the si1g-
nal line 150. More specifically, when the black data vertical
start pulse STV ; 1s located between the gate drivers 130-(7+
1)~130-m, the timing controller 110 outputs the gate enable
signal OEB to the gate drivers 130-(z+1)~130-m to enable
one row after another gate lines of the LCD panel 10 con-
nected to the gate drivers 130-(z+1)~130-m, such that the
black data in the data signal DATA 1s displayed one row after
another.

In the embodiment above, since one black data vertical
start pulse STV ; may not be able to completely turn the liquad
crystals of the LCD panel 10 to an arrangement of the black
data, the timing controller 110 generates at least one black
data vertical start pulse STV 5 to ensure that the liquid crystals
of the LCD panel 10 to completely turn to an arrangement of
the black data, so as to display the black on the LCD panel 10.

As described, the timing controller 110 utilizes the vertical
start signals STH-1~-STH-R and the data load signal TP to
control the source drivers 120-1~120-R to load the image data
and the black data in the data signal DATA, respectively.
Further, the timing controller 110, within one frame time,
generates an image vertical start pulse STV , and at least one
black data vertical start pulse STV, and appropnately
locates the image data vertical start pulse STV ,, and the black
data vertical start pulse STV, at different groups of the gate
drivers as well as outputting the corresponding gate enable
signal to each gate driver group. For example, when the image
data vertical start pulse STV, 1s located between the gate
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drivers 130-1~1302 and the black data vertical start pulse
STV ; 1s located between the gate drivers 130-(72+1)~130-m,
the timing controller 110 correspondingly outputs the gate
enable signal OED to the gate drivers 130-1~130-# and the
gate enable signal OEB to the gate drivers 130-(72+1)~130-m.
On the contrary, when the 1mage data vertical start pulse
STV 5, 1s located between the gate drivers 130-(72+1)~130-m
and the black data vertical start pulse STV, 1s located
between the gate drivers 130-1~130-7, the timing controller
110 correspondingly outputs the gate enable signal OED to
the gate drivers 130-(2+1)~130-m and the gate enable signal
OEB to the gate drivers 130-1~130-7. Therelfore, the image
displayed according to the image data vertical start pulse
STV ,and the gate enable signal OED by the LCD panel 10 1s
replaced by a black image using the black data vertical start
pulse STV, and the gate enable signal OEB, such that the
LCD panel 10 displays an 1image consisted of both an image
area and a black area, as in FIG. 6 showing a schematic
diagram of an 1image displayed by the LCD panel 10. Thus,
the timing controller 110 controls the LCD panel to cyclically
display a black strip (1.e., the black area) throughout the entire
image displayed. Therefore, by implementing the foregoing
insertion mechanism of the black strip capable of disturbing
the sense of continuity in visual perception that 1s closely
related to sample-and-hold artifact, the present invention
climinates motion 1mage blur resulting from such sample-
and-hold artifact.

Reference 1s now made to FIG. 7, which shows a schematic
diagram of a data processing module 1n FIG. 2 according to
one embodiment of the invention. The data processing mod-
ule 112 comprises a multiplexer 710, which has two input
ends for respectively recerving the source signal DATAO 1n
the mput 1mage signal Vin and the black data. The black data
1s preferably stored 1n advance 1n a register (not shown) of the
timing controller 110. A data enable signal DE 1n the input
image signal Vin serves as a control signal for the multiplexer
710. When the data enable signal DE 1s at logic high, the
multiplexer 710 selects to output the source signal DATAOQ;
whereas when the data enable signal DE 1s at logic low, the
multiplexer 710 selects to output the black data. Since the
source signal DATAQ 1s serial data and only carries the image
data when the data enable signal DE 1s atlogic high, the signal
data DATA outputted from the output end of the multiplexer
710 1s the source signal DATAO mserted with the black data
between the 1mage data of every two horizontal lines; that 1s,
the black data 1s inserted into the horizontal blanking interval
of the source signal DATAOQ.

FIG. 8 shows a block diagram of the control signal gener-
ating module in FIG. 2 according to one embodiment of the
invention. As shown, the control signal generating module
114 comprises a plurality of signal generating units 810~860.
Each control signal generating unit generates a control signal
tor the source driver 120-7 or the gate driver 130-s according
to the synchronization signal In_sig 1n the input 1mage signal
Vin and a setting value. For example, the control signal gen-
crating unit 810 generates the horizontal start signal STH-1
according to a setting value V_STH-1 and the data enable
signal DE in the synchronization signal In_sig. Referring to
FIG. 9 showing a schematic diagram of the control generating
unit 810 1 FIG. 8 according to one embodiment, the control
signal generating unit 810 comprises counters 901 and 902,
comparators 903 and 907, an OR gate 904, multiplexers 905
and 909, and a D-type flip-tlop 909. The data enable signal
DE 1s inputted into a reset end RST of the counter 901. When
the counter 901 encounters the rising edge of the data enable
signal DE, its counter value 1s reset. The comparator 903
keeps comparing the counter value recerved from the counter

10

15

20

25

30

35

40

45

50

55

60

65

8

901 with the setting value V_STH-1. When the counter value
of the counter 901 equals to the setting value V_STH-1, the
comparator 903 outputs a logic signal “1” to the OR gate 904,
which then outputs a logic signal “1” to a control end of the
multiplexer 905. Upon receiving the logic signal “1”, the
multiplexer 905 outputs a signal received at an put end
corresponding to the logic signal “1”, that 1s, the mput end
corresponding to the logic signal “1” of the multiplexer 905
receives output data from the multiplexer 909. At this point, a
control signal recerved at a control end of the multiplexer 909
1s a logic signal “0”, and the multiplexer 909 then outputs a
signal (1.e., VDD at logic high) received at an input end
corresponding to the logic signal “0” to the multiplexer 905.
Accordingly, the high-logic VDD from the multiplexer 905 1s
outputted to an input end of the D-type tlip-tlop 906 to pull
high the hornizontal start signal STH-1 from an output end of
the D-type flip-tlop 906 to logic-high VDD. Meanwhile, the
horizontal start signal STH-1 resets the counter 902, and the
comparator 907 compares a counter value of the counter 907
with a pulse width PW. When the counter value of the counter
907 equals the pulse width PW, the comparator 907 outputs a
logic signal “1”” to a control end of the multiplexer 909, so as
to switch the multiplexer 909 to output a signal (1.e., logic-low
GND) received at the mput end corresponding to the logic
signal “1” and pull down the horizontal start signal STH-1
from an output end of the D-type tlip-tlop 906 to the low-logic
GND. The value of the pulse width PW 1s a pulse width of the
horizontal start signal STH-1. In general, the pulse width of
the horizontal start signal 1s one clock cycle. The control
signal generating umt 810 shown in FIG. 8 1s used 1n FIG. 9
for illustrative purposes, and the control signal generating
units 820~860 1n FIG. 8 may also be realized similarly as
using the control signal generating unit 810 in FI1G. 9. In one
embodiment, setting values V_STH-1~-V_STH-R, V_TP,
V_STV,V_OED and V_OEB used by the control signal gen-
erating module 114 may be stored 1n advance 1n a register (not
shown) of the timing controller 110.

Referring to FIG. 8, the gate enable signal OED generated
by the control signal generating unit 850 and the gate enable
signal OEB generating by the control signal generating unit
860 are outputted via an output switch unit 870 as the gate
enable signal OE_UP and the gate enable signal OE_DN,
respectively. The gate enable signal OE_UP 1s outputted to
the signal line 140, and the gate enable signal OE_DN 1s
outputted to the signal line 150. FIG. 10 shows a schematic
diagram of the output switch unit 870 1n FIG. 8. The output
switch umit 870 comprises multiplexers 871 and 872, and an
iverter 873. The gate enable signal OED and the gate enable
signal OEB are mputted mto the multiplexers 871 and 872,
and a switch control signal SW 1s directly inputted 1nto a
control end of the multiplexer 871 and inputted to a control
end of the multiplexer 872 via the inverter 873. The switch
control signal SW 1s for appropriately switching the output of
the multiplexers 871 and 872. In one embodiment, the switch
control signal SW 1s generated according to the synchroniza-
tion signal In_sig 1n the mput image signal Vin.

FIG. 11 shows a block diagram of a driving apparatus of an
LCD panel according to a second embodiment of the mven-
tion, which 1s a modification from the first embodiment. In the
second embodiment, a timing controller 210 respectively out-
puts gate enable signals OE-1~OE-4 to gate drivers 230-
1~230-4. FIG. 12 shows a timing diagram of signals associ-
ated with the vertical direction in the first embodiment. Note
that in FIG. 12, T -, represents an operating cycle of a single
gate driver, and the timing controller 210 switches the gate
enable signals OE-1~OE-4 between the gate enable signal
OED corresponding to the presence of the image data and the




US 8,421,734 B2

9

gate enable signal OEB corresponding to the presence of the
black data using the operating cycle T, of the gate driver as
a time unit. For example, when the gate enable signal OE-1 1s
the gate enable signal OED, the gate enable signals
OE2~0OFE4 are the gate enable signal OEB. After one operat-
ing cycle T -, the gate enable signal OE-1 1s switched to the
gate enable signal OEB, the gate enable signal OE-2 is
switched to the gate enable signal OED, and the gate enable
signals OE3~0OF4 remain unchanged. In the second embodi-
ment, principles other than how the timing controller 210
generates the gate enable signals to the gate drivers are the
same as those in the first embodiment, and shall not be
described for brevity.

Therelfore, compared with the prior art, the driving method
and apparatus, and the associated timing controller, by con-
trolling timing of drivers of an LCD panel mserting black
strips, effectively eliminate motion 1mage blur and more par-
ticularly sample-and-hold artifact without making changes to
the standardized ofi-the-shelf drivers.

While the invention has been described 1n terms of what 1s
presently considered to be the most practical and preferred
embodiments, it 1s to be understood that the invention needs
not to be limited to the above embodiments. On the contrary,
it 1s intended to cover various modifications and similar
arrangements 1ncluded within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What 1s claimed 1s:

1. A drnving method for driving an LCD panel with a
driving apparatus comprising a plurality of source drivers, the
driving method comprising: providing a data signal for car-
rving 1mage data and black data; providing a plurality of
horizontal start signals from a timing controller to each of said
plurality of source drivers respectively, wherein each of hori-
zontal start signals having a first pulse signal and a second
pulse signal; sequentially loading the image data into the
source drivers according to the first pulse signals; sequen-
tially loading the black data into the source drivers according,
to the second pulse signals; providing a data load signal
comprising a third pulse signal and a fourth pulse signal;
outputting the loaded image data by the source drivers
according to the third pulse signal; and outputting the loaded
black data by the source drivers according to the fourth pulse
signal.

2. The driving method as claimed 1n claim 1, wherein the
loaded 1mage data 1s outputted when all the 1mage data 1s
loaded into the source drivers according to the first pulse
signals.

3. The driving method as claimed 1n claim 1, wherein the
loaded black data 1s outputted when all the black data is
loaded 1nto the source drivers according to the second pulse
signals.

4. The driving method as claimed 1n claim 1, wherein the
second pulse signals trigger the black data to be simulta-
neously loaded mto the source drivers.

5. The driving method as claimed in claim 1, the driving,
apparatus further comprising a plurality of gate drivers, the
driving method further comprising:

providing a {irst gate enable signal and a second gate enable

signal; wherein the first gate enable signal corresponds
to when output data of the source drivers i1s the 1image
data, and the second gate enable signal corresponds to
when the output data of the source drivers is the black
data; and

controlling the gate drivers by selecting either the first

enable signal or the second gate enable signal.
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6. The driving method as claimed 1n claim 5, further com-
prising:

providing two vertical start signals that sequentially pass

through the gate drivers within a frame time.

7. A driving apparatus for driving an LCD panel, compris-
ng:

a plurality of source drivers, for driving a plurality of

source lines of the LCD panel;

a plurality of gate drivers, for driving a plurality of gate

lines of the LCD panel; and

a timing controller, for generating a plurality of horizontal

start signals, a first gate enable signal and a second gate
enable signal;

wherein, the horizontal start signals are respectively out-

putted to the source drivers, and the first gate enable
signal and the second gate enable signal correspond to
different enable timings and are selectively outputted to
the gate drivers.

8. The driving apparatus as claimed in claim 7, wherein the
timing controller further generates a data signal carrying
image data and black data according to an input 1image signal.

9. The drniving apparatus as claimed 1n claim 8, wherein
cach of the horizontal start signals comprises a first pulse
signal and a second pulse signal, wherein first pulse signals
are for loading the image data in sequence to the source

drivers, and second pulse signals are for loading the black
data to the source drivers.

10. The driving apparatus as claimed 1n claim 9, wherein
the timing controller further generates a data load signal
comprising a third pulse signal and a fourth pulse signal, the
third pulse signal 1s for triggering the source drivers to output
the image data, and the fourth pulse signal 1s for triggering the
source drivers to output the black data.

11. The driving apparatus as claimed in claim 10, wherein
the first gate enable signal corresponds to when output data
from the source drivers 1s the image data, and the second gate
enable signal corresponds to when the output data from the
source drivers 1s the black data.

12. The driving apparatus as claimed 1n claim 7, wherein
the timing controller outputs two vertical start signals to the
gate drivers within a frame time.

13. A timing controller, for controlling a plurality of source
drivers and a plurality of gate drivers to drive an LCD panel,
comprising;

a data processing module, for generating a data signal

carrying image data and black data; and

a control signal generating module, for generating a plu-

rality of horizontal start signals, a first gate enable signal
and a second gate enable signal;

wherein the horizontal start signals load data of the data

signal to the source drivers respectively, and the first gate
enable signal and the second gate enable signal corre-
spond to different enable timings and are selectively
outputted to the gate drivers.

14. The timing controller as claimed 1n claim 13, wherein
cach of the horizontal start signals comprises a first pulse
signal and a second pulse signal, wherein first pulse signals
are for loading the image data in sequence to the source
drivers, and second pulse signals are for loading the black
data to the source drivers.

15. The timing controller as claimed 1n claim 14, wherein
the control signal generating module further generates a data
load signal comprising a third pulse signal and a fourth pulse
signal, the third pulse signal 1s for triggering the source driv-
ers to output the image data, and the fourth pulse signal 1s for
triggering the source drivers to output the black data.
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16. The timing controller as claimed 1n claim 15, wherein
the first gate enable signal correspond to when output data
from the source drivers 1s the image data, and the second gate
enable signal corresponds to when the output data from the
source drivers 1s the black data.

17. The timing controller as claimed in claim 16, wherein
the control signal generating module further generates two
vertical start signals to the gate drivers within one frame time.

18. The timing controller as claimed in claim 13, wherein
the control signal generating module generates the horizontal
start signals, the first gate enable signal and the second gate
enable signal according to a synchronization signal 1 an
input image signal.

19. The timing controller as claimed 1n claim 18, wherein
the control signal generating module comprises a plurality of
control signal generating units, which respectively generate
the horizontal start signals, the first gate enable signal and the
second gate enable signal according to the synchronization
signal and a plurality of setting values.

10
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20. The timing controller as claimed 1n claim 13, wherein 20

the data processing module generates the data signal by
inserting the black data into a horizontal blanking interval of
an iput 1mage signal.
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